Abstract. Vectors are precessed between the systems of the mean equators at "epoch" ta and "date" t, respectively by x Qm(i) = M(t0, i)x Qm(to) . One of the arguments of Μ is the angle / between the mean equators of epoch and date, respectivley. Andoyer (1911) and recent authors approximate J by of third-order polynomials in time. For long periods, however, this is inadequate because /varies nonlinearly with time. In this paper, I represent /in the form of a product of an analytical approximation /*, which remains accurate for much larger t -ta.
The normal unit vectors to the mean equator and fcß to the ecliptic are known as functions of time. The unit vector in the direction toward the mean vernal equinox is then given by
kQm(t) χ kE(t) m

IkQm(t) χ kE(t)\-
The system Qm(t) moves with respect to an inertial system so that even stars that do not move with respect to an inertial frame of reference change their coordinates.
The inertial orientation of changes because of lunisolar precession, that of fcE as a consequence of planetary precession. Had Newtonian mechanics been known in antiquity, the scientific community would likely have chosen the invariable plane of the solar system instead of the ecliptic to fulfil the function of the "second" plane whose intersection with the "first" (the equator) fixes the x-axis common to both systems. Since the invariable plane is by definition anchored in an inertial frame, there would then not have been any planetary precession (other than what the masses in the Galaxy produce).
Current practice keeps using the ecliptic, however, and the transformation between the systems Qm(tO) and Qm(t) is affected by x2Qm(t) = M(tO,t) x{Qm(, where Μ is the precession matrix. Following Andoyer (1911) , it is set up in terms of three angles: zo, j (the angle between the normal vectors to the two equators) and z. Current practice approximates these angles essentially as polynomials of the third order in time, although Simon et al. (1994) have computed more accurate sixth-order polynomials. The Andoyer-type formulas provided by Lieske (1977) are good enough for computing precession over a few centuries and were suggested when mechanical desk calculators began replacing logarithms as the tools of choice for numerical calculations, and with computers not yet existing, parsimony of arithmetic was an important consideration.
J is not even approximately a linear function of time and therefore we derive an appproximation that is more accurate than a third-order polynomial. Consider ψ, the luni-solar precession in longitude accumulated during the interval r = t -t 0 and the angle ω between mean equator of date and ecliptic at epoch. With respect to the system E(tJ i.e., that of the ecliptic of epoch, the normal vectors to the equators at epoch and date, respectively, are 1 so that we get J from k.Q a · kQ = cos J = sine sin ω cos V> + cos ε cos ω = cos Δω -2 sin ε sin ω sin 2 ^ and thus sin 2 j = sin 2 ^ + sin ε sin ω sin 2 ^, where we have introduced the small quantity Δω = ω -e. We now introduce the angle J*, given by sin -sinesin which would be identical with / for ω -0. ω and e differ only as a consequence of planetary precession, and /* is therefore a good approximation to J. If φ were proportional to time (which would crudely approximate the behavior of φ), the plot of J against τ would be a slightly distorted sine curve 2 with an amplitude of 2e and a period twice that of φ i.e., that of precession.
Eventually we find J from
This formula is rigorous in terms of ω and φ, which could be evaluated by using e.g., the polynomials given by Lieske (1977) and e, which is a constant.
Replacing the ecliptic by the invariable plane would simplify several things. With planetary precession gone, the matrix accomplishing the transformation between the true systems of the equator at t 0 and t, respectively would be and there would be no "cross terms" between precession and nutation. (The arguments of the Ae and Αφ are the "dates" for which they are computed.) Note that in the last formula, e denotes the angle between the mean equator and the invariable plane rather than the ecliptic.
